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INTRODUCTION AND LITERATURE REVIEW 
The story of selenium began when God created the heaven and the 
earth, for selenium 1s a naturally occurring element, but the written 
history of selenium may be considered to have begun with the writings 
of Marco Polo in about 1295, who described symptoms in animals which 
are believed to have been caused by selenium toxicity jl). 
Identification of selenium as an element did not come until 
1817 when the Swedish chemist Berzelius discovered it in the residue 
from sulfuric acid production from copper pyrites. Selenium has since· 
been utilized in commerce in a wide variety of ways. Selenium's 
unusual electronic properties, that is, the susceptibility of its 
electrons to photoexcitation, have led to its use in many different 
electronic devices, and in xerographic copying machines (2). Selenium 
lends color to glass, plastics, paints, inks and rubber. It is also 
used as a degasifier in stainless steel, a catalys� to harden fats, 
and as an antioxidant in oils (3). 
Selenium is a member of the group VIA elements in the periodic 
table of the elements. It has some metallic and some nonmetallic 
properties, and is classified as a metalloid. It is known to exist in 
nature in four oxidation states: -2, 0, +4 and +6. Selenium in its 
most reduced state (-2), forms hydrogen selenide (H2Se), a fairly 
strong acid whose fumes are very toxic, and also metal selenides. 
Elemental selenium exists in an amorphous form, or in any of three 
crystalline forms: alpha-monoclinic, beta-monoclinic and hexagonal. 
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The monocli n i c  fo rms are red or dark red, the hexagonal form i s  gray 
or black. Seleni um i n  the +4 ox i dat i on state · is  found as seleni um 
di oxide (Se02), seleni ous aci d  (H2Se0 3), or salts of sel en i te (Se03-
�). 
Seleni ous aci d  i s  a weak aci d  and dissolved seleni tes are present as 
biseleni te ions i n  waters wi th pH 3. 5 to 9.0. Sel eni c  aci d  (H2Se04) or 
selenate (Se04-
2) salts form from seleni um i n  the +6 oxidati on state. 
Seleni c  aci d  is  a strong acid and the selenate salts are much more 
soluble than the corresponding seleni te salts (2). 
Seleni um occurs i n  the earth ' s  crust i n  varying concentrat i ons. 
It i s  crystallochemi cally · related to sulfur,. and sulfi de ores fre­
quently contai n seleni um (4). The commerci al production of selenium i s  
usually as a by-product of other mi ni ng operations, expec i al ly copper 
mi n i ng. Its average concentration in the earth ' s  crust is est i mated to 
be around 0. 1 ppm. It occurs i n  di fferent oxidation states dependi ng 
on the pH of the soils. At aci dic pHs the predominate form is sele-
nite. Alkali ne soils probably contai n the more highly oxidized sele-
nate. The form of sel enium i n  the so i l  determi nes its avai lability to 
plants. That present as selenite i s  bound to a high degree by iron 
colloids in soils, and i s  thus not read·ily absorbed by plants � 
Selenate , on the other hand , i s  bound to only a very limited degree , 
and i s  thus readi ly avai l able to uptake by plants (3). 
Once taken up by plants selenium becomes , to varying degrees, . 
available to animals (2). Sel enium can be ei ther harmful or benefi cial 
to ani mal s. In 1957 Schwarz and Foltz ( 5) demonstrated sel eni urn to be 
the acti ve part of "factor 3" which protected against di eta�y necroti c  
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liver degeneration in rats fed low selenium diets, thus establishing 
its essentiality. Since then selenium has b�en shown to be essential 
to many species. Som e effects of selenium deficiency are: nutritional 
myopia ( white muscle disease) , unthriftiness, and low lambing and 
calving percentages in sheep and cattle, exudative diathesis, 
nutritional muscular dystrophy, and nutritional pancreatic dystrophy in 
chickens, and muscular necrosis, decline in reproductive efficiency, 
and locom otor incoordination in swine (3). Selenium is known to be a 
com ponent of the enzyme glutathione peroxidase, and signs of selenium 
deficiency in animals have been correlated with decreases in tissue 
glutathione peroxidase activity (6). Selenium is also part of several 
bacterial enzymes (7 ), and Burk and Gregory (8) recently reported a 
selenium-binding protein in rat liver and plasma, the-function of 
which is not known, but whose properties are different from those of 
glutathione peroxidase. 
The role of selenium as a toxicant has been known since 1934 
when Franke and Potter (9) found it to be the cause of the disorder 
known as 11alkali dise.ase11• This disorder was a serious problem to 
homestead ers on the Great Plains, whose animals became ill, and 
eventually died although they received sufficient feed . Some symptoms 
of chronic selenosis are: in cattle and horses, lameness and hoof 
malformations, loss of hair, loss of appetite, emaciation, reduced 
fertility; in poultry, teratogeny, resulting in decreased egg 
hatchability; in sheep, reduced fertility (3). Selenium poisoning is 
still·a serious problem to livestock in parts of the Great. Plains, 
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consequently, preventive measures have been sought. Since neither the 
mechanism of its toxicity, nor its interactions with other substances 
are fully understood, progress in developing a toxicity control method 
has been limited. Selenium has been shown to interact with many 
substances in both toxicity and d eficiency stud ies. Van Vleet (10) 
ind uced selenium deficiencies in ducklings by administering silver, 
copper and other metals. Sulfate has been shown to modify the toxic 
effects of selenium in studies by Halverson, et al. (11) and Ganther 
and Bauman (12). Moxon (1 3) discovered the protective effect of arse­
nic against chronic selenium toxicity. Selenium has also been shown to 
protect animals �gainst the toxic effects of cadmium and mercury und er 
some conditions (1 4). Palmer and Olson �15) reported that cyanide 
red uces the toxic effect of selenium when administered tn the drinking 
water of rats. Bromobenzene was also once consid ered as a method of 
detoxification in cases of chronic selenosis, since it apparently 
increased the excretion of selenium. However, rece�t studies have 
indicated that the increase in urinary selenium concentration may be 
d ue to decreased urine volume, not to increased excretion (1 6). 
One of the earliest observations on factors that could modify 
selenium toxicity was the effect of d ietary protein in decreasing 
selenium toxicity. Gertner (16) fed seleniferous d iets containing high 
levels of casein, lactalbumin, gelatin or ed estin, to rats. He 
observed protective effects against selenium toxicosis from di.ets con­
taining casein and lactalbumin, but little or no effect from d iets con­
taining gelatin or edestin. Lewis, et al. (18) fed rats seleniferous 
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diets supplemented wi th casein and arachin. Casei n gave a protective 
effect but arachi n di d not. Rosenfeld and Bea�h (19) fed ewes 
seleni ferous diets contai ning 20%, 12% and 1.5% digestible protein an� 
observed protection against selen i um toxicity in the diets contai ning 
20% and 12% protein. Smith and Stahlman (20) reported protecti on 
agai nst seleni um tox i cosi s by ovalbumi n, gelati n, wheat gluten, dri ed 
brewers• yeast and desi ccated li ver. They also fed casei n in varyi ng 
amounts and found the degree of protecti on to be related to the 
quanti ty of casei n in the di et. Moxon (2 1) fed rats di ets supplemented 
wi th crude protei n, puri fi ed casei n, linseed meal, tottonseed meal, 
soybean meal. dried beef liver, whole mi lk powder, corn gluten meal, 
meat scraps and tankage. He also fed dogs di ets supplemented wi th 
linseed meal, dried ltver, tankage and casei n. He found that crude 
casei n and linseed meal protected agai nst seleni um po i son i ng i n  rats, 
and dri ed beef li ver and li nseed meal protected agai nst seleni um 
tox i ci ty i n  dogs. 
Deduct i ons from the li terature about the effi ci acy of the 
vari ous protei ns i n  protecti ng agai nst seleni um toxi ci ty are not 
actually possi ble si nce wi dely vari ed experi mental condi t i ons were 
used. Seleni um levels vari ed from 10  ppm i n  some experi ments to as 
hi gh as 35 ppm i n  others. Di etary components other than prote i n were 
di fferent from experi ment to experi ment. Di fferent animals were used 
i n  some experi ments, and, as demonstrated by Moxon (2 1) ·, the response 
to a parti cular supplement can be di fferent i n  one speci es as compared 
6 
to another. However, i t  does appear that under some condi ti ons 
protein does protect against selenium toxi c ity. 
The factor ( or factors) i n  these protei ns responsi ble for the 
decrease in selenium toxi c i ty i s  not known. The protecti ve effect of 
li nseed meal (21), originally thought to be related to protein, has 
been shown to be due to two cyanogenic glycosides i n  the li nseed meal 
(22). 
Methionine has been i nvestigated as a possible protecti ve 
factor, as a source of sulfur, because seleni um has similar properti es 
to sulfur and could conceivably be competiti ve with sulfur i n  the body. 
Methionine was also used as a source of methyl groups which may be 
required for detoxifying methylat i on re�ctions. Thi s detoxi fi cation 
mechani sm has been supported by the identi fi cati on of di methylseleni� 
(23) and trimethyl selenonium (24) as excretory products in rats. Some 
authors claimed methioni ne to be effective in partially allevi ating 
selenium toxi c i ty (18,25) while others find it i neffective (17,20,26). 
Olson, et al. (27) found the degree of protection from methi onine to be 
small and variable. Sellers, et al. (28) and Levander and Morris (29) 
found methionine to be protective only when adequate levels of vitamin 
E were present i n  the diet. 
Studies where cyst i ne or cysteine were fed either gave a small 
and variable response, or no response (17,18,20). As wi th the protein 
-
supplementation studies, experi mental condi tions vari ed widely. Not 
only the seleni um levels, but the protein levels as well, were 
different from experiment to ex periment, so that no conclusions about 
the activity of either methionine or cysteine. can actually be made. 
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Some reports in the literature which may relate to the apparent 
protein involvement have shown notable differences in growth rates, and 
in kidney and liver selenium content of animals fed corn-based 
seleniferous diets, as compared to wheat-based seleniferous diets. 
Halverson , et al. (1 1) reported the following differences in rats : 
wheat diet vs. corn diet : average daily gain, 2. 9 g vs. 0.8 g; liver 
selenium (dry weight), 25 ppm vs. 35  ppm. Palmer, et al. (30) reported 
differences in kidney selenium as well as in liver : wheat diet vs. 
corn diet : average daily gain, 3. 92 g vs. 2. 9 g; liver selenium, 5. 3 
ppm vs. 7. 7 ppm; kidney selenium, 1 6. 5  ppm vs. 35. 4 ppm. Goehring (31) 
fed swine and reported similar trends. Since corn and wheat vary con­
siderably in protein level and amino acid content, it appears the dif­
ferences noted for the two diet types might be due to protein level, or 
perhaps to differences in content of specific amino. acids. Some of the 
data also indicate that the magnitude of the differences in kidney 
selenium between treatments was greater than for other tissues and 
therefore kidney selenium content might prove as a useful measure of 
the efficiacy of a treatment. 
The following work was designed to dete rmine the role of pro­
tein and amino acid composition as a factor in the difference in the 
toxicity of selenium fed in corn- based diets or wheat- based diets, 
using growth rate and kidney selenium content as the main critera for 
evaluating the effectiveness of a dietary modification. 
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MATER I ALS AND METHODS 
Male, albino, Sprague-Dawley rats {Sasco Inc., Omaha, NE) weighing 
between 55  to 6 5  g were distributed among the various treatment groups 
to provide average beginning weights with a variance of less than � 5%. 
They were housed individually in stainless steel cages and given feed 
and water ad libitum. 
Seven rats were used in each treatment group in Trials 1, 2, 
3, and ten rats per treatment group were used in Trial 4. All the 
animals were weighed weekly. At the end of 4 weeks they were anesthe­
tized with ether and blood samples taken by "heart puncture. After 
asphyxiation with ether, liver and kidneys were removed, rinsed with 
deionized water, blotted dry, weighed, and stored frozen for selenium 
analysis at a later time. Animals that died during an experiment were 
weighed and their livers and kidneys treated in a similar manner. 
Selenium content was dete rmined fluorometrically {32) on the 
undried tissues. 
Preparation of the experimental diets was preceeded by protein and 
amino acid analysis of the corn and wheat. The corn and wheat used in 
Trials 1, 2, 3 and 4 were from the same batches and contained 1 . 46% and 
2. 61% ni trogen, rspectively. Different batches of corn and wheat, used 
in Trial 5 contained 1. 41% and 2. 58% nitrogen. The amounts of 1 8  amino 
acids present in the grains are shown in Table 1. The values for -
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TABLE 1. AM INO AC IDS IN. CORN AND WHEAT BY ANALYS IS 1 
Amoun t present 
wheat corn 
Amino acid Trials 1,2,3,4 Tria1 5 Trial 1 ,2 ,3 ,4 Trial 5 
, , , , 
L-Alanine 0. 604 0. 540 0. 684 0. 659 
L-Arginine 0. 92 8 0. 804 0. 497 0. 41 8 
L-Aspartic Acid 0. 855 0. 864 0. 612 0. 7 1 2  
L-Cysteine 0. 2902 0. 258 0. 1oo2 0. 1 1 8  
L-G l utamic Acid 5. 83 4. 63 1. 75  1. 60 
L-G l ycine 0. 670 0. 673 0. 351 0. 376 
L-Histidine 0. 431 0. 386 0. 295 0. 268 
L-Isol eucine 0. 643 0. 501 0. 358 0. 298 
L-Leucine 1. 23 1. 12 1. 20 1. 10 
L-Lysine 0. 446 0. 444 0. 267 0. 274 
L-Methionine 0. 269 0. 23 1 0. 205 0. 185 
L-Phenyl al anine 0. 82 6 o. 7 55- 0. 455 0. 437 
L-Prol ine t. 64 1. 63 0. 7 51 0. 82 9 
L-Serine 0. 82-s- 0. 756 0. 473 0. 462 
L-Threonine 0. 506 0. 458 0. 357 0. 353 
L-Tryptophan 0. 2002 0. 2002 0. 1002 o. 1oo2 
L-Tyrosine 0. 589 0. 534 0. 390 0. 455 
L-Val ine 0. 806 0. 620 0. 507 0. 51 8 
1seckman 1 18BL Amino Acid Anal yzer 
2val ues obtained from :  At l as of Nutritional Data on United States and 
Canadian Feeds, National Research Council , United States, National 
Academy of Sciences, pp. 251, 7 1 7, 1971. 
cysteine ( Trials 1, 2, 3 and 4) and tryptophan ( Trials 1, 2, 3, 4 and 
5) were taken from average composition tables. (33). 
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The basal diets are described in Table 2, and the variations· 
made in the treatment diets are described in Tables 3 thro�gh 7. 
Selenium was added to the treatment diets at a level of 8 ppm, as a 
solution of sodium selenite in 50% ethanol, prior to mixing. Additions 
to the diets were substituted for sucrose. The corn and wheat were 
finely ground bfore incorporating them into the diets. The complete 
mixed diets were analyzed for protein and selenium content. These 
values are given in Tables 3 t hrough 7. 
The study was carried out in 5 trials. In Trial 1 ( Table 3), 
three different corn-based diets were supplemented with 6. 0% casein, 
5. 6% of a-combination of
�
1 7  L-amino acids, or 4. 0% fiber. The 
individual amounts of amino acids added to diet 3 are shown in Table 8. 
The amounts of individual amino acids added were determined by the 
difference in amino acid content of the corn and wheat as found by 
analysis. 
In Trial 2 ( Table 4) 9. 5% wheat gluten and 9. 5% casein were 
each added to corn- based diets to raise the nitrogen level to the same 
level as the wheat- based diets. Two other corn- based diets were 
supplemented with 9. 5% and 1 4.3% of the combination of 1 7  L-amino 
acids. Table 8 shows the amounts of each amino acid added to the 
diets. The 9. 5% level was approximately twice the level calculated 
from the difference in amino acid content of the corn and wheat. 










TAB LE 2. COMPO S I T ION OF BASAL D IETS 


















lieN Nutritional Biochemicals, Cleveland, OH. 
2 I CN Nutritional Biochemicals, Cleveland, OH. Salt Mixture U. S. P. X I V :  
(in mg/100 g) cupric sulfate , 7. 78; ferric ammonium citrate, 1 , 528; 
manganese sulfate, 20 • .09; armlonium alum, -g. 23; potassium iodide , 4. 05; 
sodium fluoride , 50. 7 1; (in %) calcium carbonate, 6. 86; calcium 
citrate, 30. 83; calcium biphosphate, 11. 28; magnesium carbonate, 3. 52; 
magnesium sulfate, 3. 83; potassium chloride , 12. 47; dibasic potassium 
Dhosphate, 21. 88; sodium chloride, 7. 7 1. 
3 I CN Nutritional Biochemicals, Cleveland, OH. Vitamin Diet 
Fortification Mixture : (in g/kg mixture) vitamin A (200,000 units/g) , 
4. 5; vitamin D (400, 000 units/g), 0. 25; alpha tocopherol, 5; ascorbic 
acid, 45; inositol, 5; choline chloride, 75; menadione, 2. 25; 
p-aminobenzoic acid, 5; niacin, 4. 5; riboflavin , 1; pyridoxine 
hydrochloride, 1; thiamin hydrochloride, 1; calcium pantothenate, 3; 
(in mg/kg mixture) biotin, 20; folic acid , 90; vitamin B-1 2 , 1. 35. 
4Ma zola corn oil. · . 
5Additions to the diets were substituted for sucrose. 




-��-�--�--��-� -��- - --�TotaT--��- -�s-eTeriium content 
Diet type Supplement nitrogen theoretical by analysis 
% ppm ppm 
1 corn none 2.37 none 0.12 
2 corn none 2.38 8 8.25 
3 corn 5.6% of a combination of 17 L-amino acids1 3.06 8 8.07 
4 corn 6.0% casein 3.17 8 8.15 
5 corn 4.0% fiber2 2.43 8 8.04 
6 wheat none 3.57 8 8.11 
7 wheat none 3.47 0 0.10 
1The amounts of individual amino acids added are given in Table 8. The amounts added were calculated 























TABLE 4. COMPOSITION OF E XPE RIMENTAL DIETS FOR TRIAL 2 
_ 
s-a-sf 
c-cffef---- -------------------------- -- ----lotar --
-
-- serenf tim -content 
type Supplement nitrogen theoretical by analySis 
lGeneral Biochemicals, Chagrin Falls, OH. 
2The amounts of individual amino acids added are given in Table 8. 
3This amount is approximately twice the level calculated necessary from the difference in amino ·acid 
content between the corn and wheat as found by analysis. It was found that increasing the amount 





amount was necessary to bring the nitrogen level in a corn-based diet 
up to the level in a wheat-based diet. The 14. 3% level was a fifty 
percent increase over the 9.5% level. This level was fed with the 
consideration that the free amino acids added might not be as effective 
as the corresponding amino acids from the proteins of the grains • 
. The obj ective of Trial 3 (Table 5) was to dete rmine if the 
observed protective effects of added amino acids were simple nitrogen 
effects, and/ or if they were due to specific ami no acids. Glutamic 
acid content represented the greatest difference between the wheat and 
corn (5.83% vs. 1.75%), therefore this sing)e amino acid was used as a 
supplement to dete rmine if it might be responsible for the natural 
protective effect of wheat. Corn basal diets were supplemented with 
glutamic acid or glutamine at both 9. 5% and 14., 3% levels (the levels 
of the 17 combined amino acids in Trial 2, diets 4 and 5). Glycine was 
added at 4. 8% and 7. 11 levels to two other diet� (diets 7 and 8, Trial 
3) as another source of amine nitrogen. The amino nitrogen added by 
glycine matched the amine nitrogen added as glutamic acid in diets 5 
and 6. In diet 9, casein was replaced by wheat gluten, and the diet 
further supplemented with 9. 5% wheat gluten as in diet 3, Trial 2, 
(total of 17.5% gluten), in an effort to see if the effect of the 
gluten as observed in Trial 2 could be increased. 
For Trial 4 (Table 6) a further attempt was made to identify 
specific amino acids which might be responsible for the protective 
nature of wheat, therefore all the 17  amino acids fed in Trials 1 and 
2, except glutamic acid and glycine, were divid�d into three· arbitrary 
TABLE 5. COMPOSITION OF E XPERIME NTAL DIETS FOR TRIAL 3 
Basic dief --- Tolal- Selenium content 
Diet type Supplement nitrogen theoretica1 by analysis 
, ppm ppm 
1 corn none 2. 34 none 0.12 
2 corn none 2. 30 8 7.88 
. 3 corn 9.5% L-glutamine1 4.08 8 8.21 
4 corn 14.3% L-glutaminel 4.78 8 8.06 
5 corn 9.5% L-glutamic acid1 3.18 8 8.49 
6 · corn 14.3% L-glutamic acid1 3.49 8 8.48 
7 corn 4.8% L-glycine2 3.22 8 8.23 
8 corn 7.1% L-glycine2 3.66 8 8.29 
9 corn 17.5% wheat gluten 3.60 8 8.78 
no casein 
10 wheat none 3.40 8 8.20 
1Glutamine and glutamic acid were added at the two levels of the combination of amino acids added in 
Trial 2, diet 5 (9.5% and 14.3%). 
2Glycine was added at half the levels that glutamine and glutamic acid were added. 
� 
(./'1 
TABLE 6. COMPOSITION OF EXPERIMENTAL DIETS FOR TRIAL 4 
BasfcdTet ---- ·�-�---·-- ------ ---�---�-- ----�-- ----rofaT-- ---- Selenium content 
Diet type Supplement nitrogen theoretica1 by analysis 
% ppm ppm 
1 corn none 2.40 8 8.10 
2 corn 9.5% wheat gluten 3.66 8 7.84 
3 corn Group 1: L-Pro, L-Ile, L-Asp, L-His, L-Trp1 2.75 8 8.22 
4 corn Group 2: L-Arg, L-Ser, L-Lys, L-Thr, L-Leu1 2.77 8 8.29 
5 corn Group 3: L-Phe, L-Val, L-Cys, L-Tyr, L-Met1 2.58 8 8.05 
6 · wheat none 3.04 8 8.51 
1The amounts of individual amino acids added are given in Table 8. Each was1added at the same level 




groups , and each group was used to supplement a diet. The individual 
amino acids were added at the level that each was added in Trial 2, 
diet 5 (see Table 8). 
In Trial 5 (Table 7), the ami no acids from Group 3, w i t h  the 
omission of valine, were added singly, or in combination to various 
diets. Cysteine and methionine were added alone and in combination to 
corn- based di ets. They were both also added to a wheat-based diets. 
Phenylalanine and tyrosine were added in combinat i on to j ust a corn­
based di et. The level of each amino acid added corresponded to the 
levels added to diet 5, Trial 4 (that is , approximately three times 
the amount calculated necessary to make the amino acid content of the 
corn diet equivalent to the wheat diet). Slight variat ions in the 
actual amounts added were necessary because new batches of wheat and 
corn, with slightly d i fferent amino acid composit ions , were used. 
All experimental values are reported as the mean! standard 
deviation. The data were analyzed by analysis of variance, and Tukey's 
procedure was used to evaluate differences between treatment groups 
(34 ). In treatment groups in which animals died , and blood selenium 
values were unobtainable, average values for the group were used in 
place of the missing values. 











TABLE 7. COMPOSITION OF EXPERIMENTAL DIE TS FOR TRIAL 5 
- --- - -- -- - - - - -- - - - -- - - -- -- -- - - -To faT _____ -- -SeTerii urn cont�nt 
sueelement nitrogen theoretical bl ana1ls1s 
% ppm ppm 
none 2.40 none 0.34 
none 2.42 8 8.36 
0. 14% L-methionine 2.40 8 8.91 
0.42% L-cysteine 2.42 8 8.49 
0.14% L-methiontne + 0.42% L-cystein� 2.42 8 8. 88 
0.24% L-tyrosine + 0.95% L-phenylalanine 2.51 8 8.68 
none 3.33 8 8.69 
0.14% L-methionine + 0.42% L-cysteine 3.33 8 9.40 
none 3.33 none 0.80 
� 
00 
TABLE 8. AMINO ACIDS ADDEO TO OIETS1 
Tr1 a 1 1 Tr1 a 1 2 
--- - -�--�---- -- - - TrfaT -4 
Amino acid 01et � Diet � Diet 5 01et � Diet � 
% % , % % 
L-arginine 0.290 0.492 0.738 0 0.738 
L-aspartic acid 0.164 0.278 0.416 0.416 0 
L-cysteine 0.128 0.217 0.325 0 0 
L·glutamic acid 2.75 4.66 6.99 0 0 
L-glycine 0.214 0.364 0.546 0 0 
L-histidine 0.091 0.155 0.232 0.232 0 
L-isoleucine 0.192 0.325 0.487 0.487 0 
L-leucine 0.020 0.034 0.051 0 0.051 
L-lysine 0.120 0.204 0.306 0 o. 306 
L-methionine 0.041 0.072 0.108 0 0 
L-phenylalanine 0.249 0.423 0.634 0 0 
L-prol i ne .. 0.598 1.01 1. 52 1.52 0 
L-serine 0.239 0.405 0.607 0 0.607 
L-threonine 0.100 0.170 0.255 0 0.255 
L�tryptophan 0.067 0.114 0.171 0.171 0 
L-tyrosine 0.134 0.227 o. 341 0 0 
L-vali'ne 0.201 0.341 0.512 0 0 
lAll the amino acids were obtained· from ICN Nutritional Biochemicals, Cleveland, OH, 
except arginine,· which was obtained from Aldrich Chemical Co., Milwaukee, WI. All were 























RESULTS AND DISCUSSIO.N 
In order to reevaluate the reported protective effect of 
wheat-based diets against selenium toxicity, rats in Trial 1 were fed 
either a wheat-based or corn-based diet to which 8 ppm selenium, as 
Na2Se03 had been added . Another corn diet was supplemented with amino 
acids at sufficient levels to make the specific amino acid conten� 
equivalent to that of the wheat ( Tables 3 and 8). Casein or fiber 
( Solka Floc ) were added to other corn diets in an attempt to elucidate 
factors which might be responsible for the ·protective responses 
obtained by feeding wheat diets . 
The criteria used to evaluate the effectiveness of various 
treatments were average daily gain and tissue selenium content . 
The tissue selenium values and average daily weight gains for 
the rats in Trial 1 are shown in Table 9. The average daily gains for 
rats fed the Wheat + selenium diet were significantly higher than for 
rats fed the corn+ selenium diet, indicating a protective effect. 
This agrees with reports in the literature ( 11, 30, 31 ) . Including wheat 
in the diet also lowered liver and kidney selenium levels, but the 
differences were not statistically significant . Average daily gains 
were higher, and kidney selenium values lower for rats fed the amino 
acid and casein supplemented diets but the differences were not 
significant . Blood selenium levels were not affected by any treatments 
in this trial and were significantly affected in only one treatment of 
the following trials . Fiber gave no response iri any of the criteria. 
TABLE 9. EFFECT OF WHEAT, CORN, CASEIN, AMINO ACIDS AND FIBER 
ON SELENIUM TOXICITY TO RATS ( TRIAL 1)1 
_ /\'ierag-e-aa1Ty--- -------seTenftim-concentration 
Diet Dietary_ __ t_reatment2 weight gain Blood Liver _K_raney 
g ppm ppm ppm 
1 corn basal diet 6 . 03.:!: 1.05 0.37.:!: 0.02 0.68.:!: 0 . 10 0.93 .!. 0.09 
2 corn + Se 0.90.!. 0.45 2 . 52.!. 0.57 7.84 .!. 1. 39 36.02 .!. 15.0 
-3 corn + 5.6% A . A .  + Se 1.75.!. 0.76 2.67.!. 0.55 6.57.!. 1.21 22.57.:!: 8.16 
4 corn + casein + Se 1 . 76.!. 0.70 2 . 86 .:!:. 0.80 7.38.!. 3 . 53 29.82 .!. 7. 56 
5 corn + fiber + Se 1.11.!. 0.64 2 . 40.!. 0.58 7.92.!. 2.27 30 . 29.!. 8 . 36 
6 wheat + Se 2 . 83.!. 1 . 253 2.50 .!. 0.54 5.09 .!. 2.61 19 . 99.!. 5.07 









1All values are mean.:!: standard deviation. 
2see Table� for descriptions of diets. 




The responses obtained by feeding wheat were not as great in 
this trial as in some of those reported in the literature {30), par­
ticularly as measured by a reduction in kidney selenium content. Based 
on the very low average daily gain {0 . 9  g/day ) exhibited by the corn + 
selenium control group, it appears the level of toxicity in this 
particular experiment may have been higher than usual. The severity of 
the toxicity is also demonstrated by the occurrence of mortality in the 
experiment. It is possible that the lack of significant responses to 
the various supplements in Trial 1 could have been due to the high 
toxicity, and another trial of the effectiveness of some of these 
supplements is perhaps warranted. 
Examination of the nitrogen levels of the diets showed that the 
level of supplementation with the amino acids or with casein did not 
bring the nitrogen levels of the supplemented corn diets up to the 
level of the wheat-based diets. Since these levels .of supplementation 
did give an effect, although not a statistically significant one, the 
levels of supplementation were raised in Trial 2. Wheat gluten was 
also used to supplement a corn diet to compare the effect of 
supplementation with wheat protein to the effect of supplementation 
with casein. 
The tissue selenium values and average daily weight gains for 
the rats in Trial 2 are shown in Table 10. Again the �verage daily 
gains were significantly higher, and the kidney selenium levels 
signific�ntly lower for animals fed the wheat+ selenium diet as 
compared to animals fed the corn + selenium diet, showing the 
TABLE 10. EFFECT OF WHEAT, CORN, WHEAT GLUTEN, CASEIN AND AMINO ACIDS 
ON SE LENIUM TOXICITY TO RATS ( TRIAL 2)1 
Aver age-cfaiTy � �--�--------s-elenlun1 -concenf rafi on 
Diet Dietary treatment2 weight gain Blood Liver _____ Kfdney 
1 corn basal diet 
2 corn + Se 
3 corn + gluten+ Se 
4 corn + 9. 5% A. A. + Se 
5 corn + 14.3% A. A. + Se 
6 corn + 9. 5% casein + Se 
7 wheat + Se 
8 wheat basal diet 
g 
6.73 � 0. 41 
1. 40 � 0. 41 
-+ 3 4. 33 1. 29 
2. 84 � 1. 35 
3.32 � 0. 82 3 
2. 85 � 0. 74 
3. 76.:!:. 0. 373 
7. 01 � o. 56 
ppm ppm ppm 
0. 40 � 0.02 0.65 � 0.07 1. 01 � 0.19 
2.73 � 0.64 9. 68 � 6.24 40.70 � 8.9 
1. 77 � 0. 413 4.99 � 2.49 11. 28 � 5. 33 
2. 59 � 0. 22 4. 57 � 0.48 17. 18 � 6.33 
2. 21 + 0.30 3.95 + 0.62 3 10. 12.:!:. 2.53 
2.69 + 0. 53 6. 67 .:!:. 2. 00 25. 20 .:!:.11. 83 
2. 74 I.:!:. o. 39 4. 79.:!:. 0.72 16.64.:!:. 5. 13 










1All value� are mean! standard deviation. 
2see Table 4 for descriptions of diets. 




consistent protective effect . Addition of wheat gluten to the corn 
diet at a level of 9 . 5% and of the 17 amino acids at a 14 . 3% level� 
also gave partial protection against selenium toxicity as evidenced by 
significant increases in weight gain and decreases in kidney selenium 
levels compared to rats fed the unsupplemented corn + selenium diet . 
Supplementation of the corn diet with casein at a level of 9 . 5% ( Table 
10, diet 6), increased average daily gain� but the increase was not 
significant . The reduction in kidney selenium� although significant, 
was not nearly as great as for the diets supplemented with 14 . 3% amino 
acids and 9.5% �heat gluten . Kidney selenium was reduced by 38 . 3% in 
rats fed the casein supplemented corn diet� and by 7 5 . 1% in rats fed 
the 14 . 3% amino acids supplemented diet, as compared to rats fed the 
unsupplemented corn + selenium diet . Liver selenium was lowered by the 
various supplements, but only the highest level of amino acid 
supplementation gave a significant response . 
The results from this trial indicate that kidney selenium may 
be more effective than _growth as an indicator of the protective 
properties of various sup plements against selenium toxicity . In at 
least two instances ( diets 4 and 5 } � when growth effects were not 
significant, the kidney selenium levels were significantly lowered. 
Kidney selenium levels may provide a useful criterion of toxicity, 
especially in experiments in which differences in treatment effects 
are small . 
The data also indicate that the difference in response to 
equivalent levels of s�lenium by animals fed a corn-based diet or a 
25 
wheat-based diet can at least partially be explained by the difference 
in protein levels of the two diets . Supplementation of the corn diet 
with wheat gluten to a nitrogen level equivalent to the wheat diet 
removed any differences in toxicity between the two diets . However, 
the amino acid balance of the protein added was crucial, since 
supplementation with equivalent levels of casein did not give the same 
protection as supplementation with wheat gluten . This is further 
supported by the observation that supplementation with j ust L-amina 
acids at levels equal or greater than that �upplied by gluten was 
adequate to make the corn diet equivalent to the wheat diet relative to 
the toxic effects of selenium . 
Since amino acid supplementation of the corn diet could produce 
the same reduction of selenium toxicity as the wheat diet, the 
differences in relative amino acid composition of the two diets were 
examined more closely . The largest difference in amino acid 
composition between the two diets was with glutamic acid/glutamine . 
Trial 3 was conducted to see if this amino acid alone might account for 
the protective effect of the wheat- based diets . Glutamic acid and 
glutamine were each added to corn diets at the same two levels as was 
used for the 17-amino acid composite mixture in Trial 2, (9.5% and 
14.3%). 
Table 11  gives the average daily weight gains and tissue 
selenium values for Trial 3 .  The average daily gain for rats fed the 
wheat + sel eni urn diet was again si gni fi cantly higher than for rats fed 
the corn+ selenium diet . Supplementation of
_
the corn diet with 17.5% 
TABLE 11. EFFECT OF WHEAT GLUTEN, GLUTAMINE, GLUTAMIC ACID AND GLYCINE 
ON SELENIUM TOXICITY TO RATS (TRIAL 3)1 
. 
Average .daiTy ---s-erenrum�concenfralion 












corn basal diet 6.52 � 0.43 
corn + Se 1.06 � 0.30 
corn+ 9.5% L-gln + Se 2.67 -� 0.863 
corn + 14.3% L-gln + Se 2.20 � 0.78 
corn + 9.5% L-glu + Se 1.55 � 0.38 
corn + 14.3% L-glu + Se 1.65 � 0.68 
corn + 4.8% L-gly + Se 1.73 � 0.56 
corn+ 7.1% L-gly + Se 1.70.:!:. 1.08 
corn+ 17.5% gluten+ Se 2.67 � 0.793 
wheat + Se 3.69.:!:. 1.49 
ppm ppm 
0.36 � 0.02 0.64 � 0.04 
2. 72 � 1.12 6.56 � 2.01 
2.85 � 0.31 6.44 � 1. 70 
2.88 � 0.38 10.19 � 7.02 
3.18 � 0.39 11.28 � 6.89 
3.08 � 0.47 8.58.:!:. 4.70 
3.50.:!:. 0.41 8.13.:!:. 2.06 
2.54.:!:. 0.41 6.66 .:!:. 3.45 
2.37 .:!:. 0.45 2.78 + 0.43 
2.73.:!:. 0.42 5.43.:!:. 1.97 
ppm 
0.92 � 0.04 
45.19 � 14.9 
27.17 + 7.63 
33.33 � 10.8 
47.89 � 10.7 
28.09 �o. o 
39.01 �2.8 
25 43 � 7 73 • • 













lAll values are mean� standard deviation. 
2see Table 5 for descriptions of diets. 




wheat gluten also gave significantly greater weight gains as compar�d 
to the corn+ selenium group . The growth effect of gluten was not as 
great in this trial as in Trial 2. This may be partially explained by 
the fact that the gluten level was higher in Trial 3 (17 . 5% vs . 9 . 5% 
for Trial 2), and the tendency for the animals to throw the diet out of 
the feed cups was increased at the higher leve� . However, reduction in 
kidney selenium was greater with the higher level of gluten . 
Supplementation with 9 . 5% glutamine also significantly increased weight 
gains but the effect was lost at the higher"level (14 . 3%) of 
supplementation . · Both levels of glutamic acid were ineffective, and 
there appeared to be palatibility problems with these two diets . 
Kidney selenium values were lowered significantly in rats fed wheat 
diets, and corn diets supplemented with wheat gluten, 9 . 5% glutamine 
and 7 . 1% glycine . Liver selenium levels were not significantly lower 
in any group, and were, in fact, higher in all groups except those fed 
wheat, corn + wheat gluten, and corn + 9 . 5% glutamine diets . 
The data show that glutamine does give an increase in weight 
gain and decrease in kidney selenium, both indicative of a protective 
effect . The effect was not as great as that obtained from wheat and it 
appeared to be not totally specific since glycine also gave a 
significant reduction in kidney selenium . Since the response obtained 
was rather small for the high level of glutamine used, it was decided 
to suspend study on this amino acid and to survey the effects of the 
other amino acids on selenium toxicity . 
28 
The other amino acids known to occur in wheat were divided into 
three arbitrary groups and each group of acids was added to· a corn diet. 
The effect of the supplements on the toxicity of selenium were compared 
to corn + selenium, corn + gluten + selenium, and wheat+ selenium as 
controls. The results for Trial 4 are shown in Table 12. In this 
trial no group showed a significant increase in average daily gain over 
the rats fed the corn + selenium diet, however the wheat+ selenium 
diet (diet 6), and the corn diets supplemented with wheat gluten (diet 
2), and with the five amino acids, L-methio�ine, L-cysteine, 
L-tyrosine, L-phenylalanine and L-valine (diet 5 ) , gave numerical 
increases. Rats fed these diets had significantly lower kidney 
selenium levels. Liver selenium levels were numerically lower for the 
rats fed the diet supplemented with methionine, cysteine, tyrosine, 
phenylalanine and valine. This suggests that either one, or a 
combination of several of the amino acids added to diet 5 may be of 
significance in the protective effect of protein against selenium 
toxicity. 
Since the amino acids in Group 3 offered some promise in 
reproducing the protective effects of the wheat diet, they were further 
subdivided and fed as supplements. Methionine and cysteine were 
grouped together since they are both sulfur amino acids. Tyrosine and 
phenylalanine were grouped together as aromatic amino acids. Valine 
was not included, since amino acids with hydrocarbon side chains were 
also present in amino acid Groups 1 and 2 of Tria) 4 and were 








TABLE 12. EFFEC T OF WHEAT GLUTEN AND THREE GROUPS OF AM INO AC IDS 
ON SELENIUM TOXIC ITY TO RATS (TRIAL 4)1 
Dietary treatment2 
ft:verage daTTy----- · -seTf: mf tim -con cent ration 
weight gain �1ooa Liver Kidney 
g ppm ppm ppm 
corn + Se 1. 75 � 0.80 3. 28 � 1.00 5.90 � 1. 35 35. 53 � 8.2 
corn + gluten + Se 2. 99 � 1.23 2.55.:!. 0.49 5. 39.:!. 1.46 16. 57.:!. 9. 13 
corn + Pro, Ile, Asp, 1.77 . .:!_ 0.47 2. 91 � o. 37 6.17 � 1.28 32.69 � 10. 3 
His, Trp + Se 
1.69.:!. 1. 03 corn + Arg, Ser, Lys, 3.00 � 1. 10 6.29 � 1.52 39. 96 � 13.2 
Thre, Leu, + Se 
20.67 � 10. 73 corn + Phe, Val, Cys, 2. 38 � 1.08 2.87 � 1.04 4. 85 � 1.03 
Tyr, Met, + Se 
3. 26 � 0.80 wheat + Se 2.21.!. 0.94 6.05 � 2.76 14.57 � 6. 33 
1All values are mean.!. standard deviation. 












since considerable attention has been given to these two amino acids in 
the literature and conflicting or v ariable results from their 
supplementation have been reported . The new groupings were fed to rats 
in Trial 5 and the results are shown in Table 1 3 .  
Relative to the corn + selenium group, average daily gains were 
significantly increased for rats fed the wheat + selenium diet, and the 
wheat diet supplemented with methionine and cysteine . Gain-s for rats 
fed the corn diets supplemented with cysteine alone, and cysteine and 
methionine together, were numerically increased but the differences 
were not statistically significant . Kidney selenium levels were 
significantly lower for rats fed the wheat-based diets, and for the 
corn diets supplemented with cysteine alone, and cysteine and 
methionine together . Liver selenium levels were significantly lower 
only for the wheat diet supplemented with cysteine and methionine 
together . 
The data in Trial 5 indicate there was no protection obtained 
from the aromatic amino acids . Some protection was given by cysteine, 
especially as measured by a reduction in kidney selenium . Methionine 
alone did not seem to have much effect and seemed to give very little 
added protection when fed together with cysteine . Interestingly, the 
addition of the two amino acids to the wheat diet g ave considerably 
greater response than the wheat alone . 
The ineffectiveness of methionine in these studies agrees with 
some reports (17, 20, 26) and disagrees with others (2 5, 28, 29) . · It 
would seem the 1 ack of response to met hi oni ne supplementation is not' 
TABLE 13.  EFFECT OF METHIONINE, CYSTEINE, TYROSINE, AND PHENYLALANINE 
ON SELENIUM TOXICITY TO RATS ( TRIAL 5 ) 1 
Average daily --- - ----seTenfum con-c-en-frati on 
Diet Di etary treatment3 wei ght gai n Bl ood Li ver Ki dney 
g ppm ppm ppm 
1 . corn basal di et 7 . 12 .:!:. 0 . 87 0. 43  .:!:. 0. 03 0. 7 5 .:!:. 0. 04 1 . 1 1 .:!:. 0. 09 
2 corn + Se 1 . 52 .:!:. 0 . 67 2.  90 .:!:. o .  57 6. 20 .:!:. 2. 04 36. 7 1  .:!:.1 3. 5  
3 corn + L -met + Se 1 . 80 .:!:. o. 97 2. 79 .:!:. 0. 41 6. 21 .:!:. 2. 33 32. 33 .:!:. 8. 4 
4 corn + L -cys + Se 2. 24 .:!:. 0 . 79 3. 03 .:!:. 0. 67 4. 24 � 0. 91 1 9. 7 3 .:!:. 7 . o3 
5 corn + met + cys + Se 2. 42 .:!:. 0 . 89 2. 83 .:!:. 1 . 00 4. 10 .:!:. 0. 69 1 8. 62 .:!:. 8 . 63 
6 corn + phe + tyr + Se 1 . 39 .:!:. 0. 47 2. 36 .:!:. 0. 66 6. 02 .:!:. 1 . 24 38. 1 8 .:!:. 5 . 7 
7 wheat + Se 3. 47 .:!:. 0. 81 3 2. 65  .:!:. 0. 46 4. 57 .:!:. 0. 97 1 5. 86 .:!:. 6. 03 
8 wheat + met + cys + Se 4. 58 .:!:. 0 . 90 3 2. 78 .:!:. 0. 41 3. 64 .:!:. 0. 433 8. 40 .:!:. 2. 73 
9 wheat basal di et 7 . 58 .:!:. 0. 46 0 . 52 .:!:. 0. 04 0. 79 .:!:. 0. 07 1 . 48 .:!:. 0. 06 
1All values are mean .:!:. standard dev iat i on. 
Survi val 
1 0/ 1 0  
7 / 1 0  
8/ 1 0  
8/1 0 
1 0 / 1 0  
9 / 1 0  
1 0 / 1 0  
1 0 / 1 0  
1 0 / 1 0  
· 2see Table 7 for descri pt i ons of di ets. 




due to i nadequate levels of vi tamin  E as suggested by Sell ers, et al. 
{28) and Levander and Morri s  {29) . The corn i n  the di ets should supply 
at least 1 6  mg vi tami n E/Kg di et, and the vi tami n mi x used suppli ed 50 
mg vi tam i n  E/Kg di et ,  whi ch more than meets the RDA of 30 mg/ K g  di et 
{35) . The data from di ets 4 and 5 {Table 13) appear to show an 
i nvolvement of cystei ne i n  the protect i on exhi bi ted by wheat. Thi s  
di sagrees wi th the fi ndi ngs of Levander and Morri s  i n  whi ch cystei ne 
was added to a peanut meal di et. Studi es i n  whi ch cyst i ne was fed 
ei ther gave a small and var i abl e response, �r no response 
{17, 18, 20) . As . stated earli er ,  studi es i n  the li terature show 
confl i ct i ng or vari able results from supplementat i on of methi on i ne as 
well as cystei ne/ cysti ne. Closer exam i nat i on of these studi es shows a 
wi de vartat i on i n  experi mental condit i ons. Seleni um levels var i ed from 
10 ppm to as hi gh as 35  ppm. Protei n  levels were as low as 7% i n  some 
di ets and as hi gh as 30% i n  others. Sources of prote i n  var i ed wi dely 
also. It �eems obvi ous that there may be other factors i nvolved i n  
mod i fyi ng the protecti on provi ded by di etary supplement, as for 
example , the methi oni ne- vi tami n E relat i onshi p suggested by Sellers, et 
al {28), and Levander and Morri s  {29) . In any event, i t  appears that 
the potenti al i nvolvement of cystei ne i n  the protecti ve functi on 
exhi b i ted by wheat needs further study. 
In retrospect, i t  seems the results of Tr i al 3 may have been by 
passed too qui ckly. The data i ndi cated � a small but detectable response 
to glutam i ne and glyci ne. Al though i t  may be a coi nci dence, i t  seems 
worth noti ng that the �m i no aci ds whi ch showed some protecti ve 
response , i .e. , glutam i ne, glyc i ne ,  �nd cystei ne, also provi de the 
33 
potential bui l di ng blocks for the tripept i de glutathione. This 
substance is well known for its involvement in selen i um metaboli sm (6), 
and, i n  an early study by DuBo i s  ( 36), i nj ected glutathi one protected 
against acute toxi city of inj ected sodium selenite. Further studies 
should include the effects of these ami no aci ds, and glutathione 
itself, on the tox i c i ty of selenium in corn diets. 
In  conclusion, these studies seem to show that the protecti ve 
effect of wheat di ets, as compared to corn diets, against selenium 
toxi cosis in rats i s  due to the di fference i n  amino acid composit i on of 
the wheat, and �ay be due pri marily to only a few of the ami no aci ds 
present . 
Finally, i t  appears that the observati on, reported before 
( 11 , 30 )  and confi rmed in thi s  study, that substances which modify the 
toxicity of selenium also tend to reduce ki dney seleni tim levels, may be 
of consi derable value in evaluat i ng the effi cacy of other potent i al 
protective factors. 
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